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:: /C3STRACT •

_lis progress report covers tilemonth of i December-l:hrough
!

31 December _I"_..,.-..,and is submitted in accordance w_th the terr:s xn ":

tile subject contract. " "

:. : The objectives of this program include: parametric ,analysis of

i 20- and 30-foot diameter one-piece electroformedmirrors_ tl._eestabli_h-

• r.mnt _f sUitable conc6ptual d:esigns and" alanufactu_ing methods for_20-

and 30-foot d.iamete_:elcctroform_d .:once1_t.rators_prediction of concen-

_' ""tra._r perf0rraance_ and expe_:imen`tal grinding and polishing studies

of materials for large masters, ,: ,,

_.. _lis report sum_'.arizes reflectivity l:ests of samples prior to

_,icron_teorite degradation tests_ time averaged orientation efficiency

, ., assumptions, blade grinding and polishing 3 structural and ther_._al

; analy.sis..A bar chart._"sehedule_ a work progress estimate, and plans

.:. for the re_:mlnder of the. coutract at'e also-included. -'"

; - Design rec.o_.m_endationswere also Submitted in a le.tter fo NASA- _

.. l,ewis during the reporting p'eriod. _ "__L-,
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' "_ _ !_. INTRODUCTION , "' _ _,,
?

";l'he feasibilityof a practical solar grayton cycle spac 9 .electric i,i/!+ ,_

power system is dependent on the development of a suitable solar con- ;!

centrator., l{igh,l'y,accurate concentrator m{rror-s_ w._:,ichare necessary ;:

to maximize system efficiency and 'reduce ot:ientation requirement.sj

'_,) have"been fabricated up t,o fj,ve_feet i_ diamete_ by one-piece electro-

• forming construction., methods. -_ _, "'

' .., , ,Presently the .Sat_rn S-4B and S-2 stages permit maximum mirror
,r,

,, diameters of 20 feet and 30 feet respect{vely. Since one-piece electro- ,_

formed mirrors of this.size have not be'en fabricated to.. date_ some

design.an,d man_facturin'g pr'oblems_ must be studied !n more de£/_fl. _),

Therefore _ the objec'tives of this program are-to: ,, 'i',;,,_

- l, Conduct par'ametric analysis of_specified variabies _hat_

,, _nfluence the performance and efficiency of 20- to 30- ''

", foot one-piece_ fixed s,olar concent}'ators, '_ ::

• ', _q_ , ,//

d,! 21. Establish a conceptio'nal,. design of a concentrator ut_l_z_ng ! ,L/
.... electrdfrqmed nickel construction suitable for use with the !_ _/

specified Brayl_On cycle power systemo "'_ ,_ ' ',

3_ Accurat?ly predict the concentrat'or performanc'e, both. under.

ground• ¢,est conditions and for orbital applications _ in/" --

spacel up t_ one year d_ration .... : // "
,' / . -_,'T'-x-'-'i..;

,_ 4. Perform experi_ientai maste_egrinding and po]/rshing/studies _ : ._

:. " " o ineiuding, ti_econstruction,, of,..twosample elecyo_formed.; mirrors r ,,
' to demonstrate large master fabrication techniques. -,0 ./

< Thp previotis reports summarize the initial..woi_k--o_ design con-°

.' '"_ figuration def_mitions i prelim'L,nary" ' '_ .... ,designs_ su_facg coating -invest4- ,_,

. gations: computer _rograms and calculations of optical errors _ thermal ' "

4150-M-6 _ ' ," i. ,,, '_ "'_

• . > • .... ,
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effects_ structural analysis approacll and cAlcu!at.ions_ man(ifaeturi_ng

detlails_ and experimental polisl)&ng."
' j', •

" This report ,sUmmdrizes progress and d,_ta on refl'ectivity, samples

.- for micrometeoriti_ tests_ time averaged orientd_ion efficiently ' ,
(%

""",, computation assumptions_ blade grinding and polishing_, structural and
_\

thermai an alys{s.

_ Design recomm_endations Were submitted for approvaL-during the,

reporting 'iperiod in a ',_eparate letter.
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_,_, ,_ 3. OGRAM SUMMARY _,

3.i Des:ign Conf,i_t_ations

::_ This pha,se of ,the program is cbmplete,.

3.2 Pr,,eliminary.___Design " -

_'_,,, Recommendations for the fin'aldesign "of'one-piece ele_tro- '-

_, ", f.0rmed Brayton _ycle collectors were submitted to NASA/Lewis 'for :

" " :i, approval _ .-
r, ,:

'J.3 Surface Coating.s ....

"" The refleetance measurements of"samples submitted to NASA/'

,_ " Lew_s for micrometeorite',,testing plus those control ,sample,s retaiffhd

by,-EOS are listed in Table 3-1, The samples were me.asured at 0.625_ _'

0.7_ and 1.0 microns"with a Beckman DU spectrophotometer'" Each

, sample Was measured "a minimum of three times, lq_e reflectivity ,,-

measurement given, is an average 'of these three readzno," _,s. Reflectance

,_,,measurements were made 'By _he goniometer method. The I'00 percent

reflectance level, is/measured,by placing the photocell in l,ine wltli_

the spectrophotometerl" beam and an aluminum standardiS ;-_.:efareucedi-if'

: the _esting of each sample. During reflectance measurements and_ _ '"

_ clmcks wit'h,the aluminum _'eference standard_ the spectrophot6meter
'b "-'-

'bealn made an angle of incidence of 340 _<ith the reflective s_'faces,. •

" ,_ _TIi'ereflectance measurements, of -samples, 1 to 3_ groups 1 ":' "

through 4_ correlate closely with each other ,and with published "',, //,,

_ _ reflectance data_ The maximum 'variatiqn between samples within a _,

_,. group is_1.3 perce_t which indica£_s ,the reproducibility between _,
u ,',

.... measuremeI__s and coat{rig sa_iples. _"

_ Reflec£ance variatio_s among samples within groups 5 and 6

" _ ._.,"grecaused :by tlle thickness variations o_ tlle silicon' monoxide over-

,_ '<,:' coating., 'the silicon monox_ide overcoat$ng acts as a selective spectral, '

• II ,
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'TABLE 3-1 - _.

(continued) :'- ,

!°O# TEST WAVELEEGTH _
,i

, , ,o
,'5

Reflectance

,: Group Sample ,,' Before _ After Loss

I i 7_..6 "

2 74,, 7
3 7? 9 :

3

2 I '98.5_ ""
"' 98,3: ,,:...

: " " 3 98.6

'-' "" 3 ': i, 94.6, " "
2 94.3

3 , 94.0
t, ' ,,

'4 _1 94_ 2 " "

:-- _ 2 9&. 3

_: 3 93.2 :,

_ ., 5 1 93.,[' "'
', -. _ 2 Ol 7

! 3 91.',5" .

• J

t :;,.,- ,6 - _. '1 ':, 92...6 .:.' :, ' "
"- - 2 _ 83.9 "

: ' 3 92 .,l,, _ °
! ' -' - ::, 4 85.0 ,, ' " _:
i" , ,,, 4! ,'

9
, v

.'.,

> ni
4

y £, . ,

6 "'• " " , '_., i0 '_ :_4150-M- )'/ "r: " ". .....
U y "I- L_" "
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NOTES. 0!; T.-_I,E3-1

I. Bare e.leetroformed nickel,. ,,
o

2. Chemically deposited silver, 600 to 10Do A. thick

•_ 5. Vacuu_ deposited: chromium I00 ._ aluminum I000,,_ ,

4. Vacuum deposited: chromium i00 _, silicon rn_noxide 2500
:" _ aluminum !000 ¢ " _'

C

5. Vacuum..deposited: chrOn-ium i00 _. silicon monoxide 2500 _.

'alunihu_..i000 _ silicon mono::Jde 2500 _:

6. Vacuum deposited: Chromiu:n i00 _, siliconmonoxide 2500 Q_

- aluminum i000-_, gilicon monoxide 20_000 _ ""

._ 2. _" Before: ,.

Refers to sample reflectagce before mLcrometeor_.te tests
r,

Samples i and 2 were sent to NASA/Lewis." San_ple 3 was i'etainedt

- _ _,by EOS as a control sample. ,,.

-4. *The *!00.! percent silver reflectance n;ea.;urcment iudicates that
,,the experimental error was in' the order of _0.6 percent.

., u

y

u

v

_ J

,, / J ,/

/
4150-H-6 , . II ?' _ .. _

J t_ J - ,. <, / "_u / b
k_
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'i" ,-fiite%-. Visual observation of these, samples indicated a Kange,of

eolors_ ioe._ tlie samples wi£hin a group did not have maximum absoi'p-

. tion at the same wavdlength. 111is obse_vation correlated with the 0

• re f.lectante fiieasuremen ts.

" - 3_4 Optical Error Analysis% .,,

3.4. I, Tiu.e Averaj_ed Misorientation :"
;. -. . , ?

The ,time _veraged misorientation values for cavity

'I emissivities of 0.3_ 0.6, and 0.9', referred to Qn page 19 of the

• i , _/J " "
., November Monta_y Re_ort were derived f_om efficier.cy curves calculated

.: . from Eq. 3.3 of tile O_@ober. Monthly Report: ._ "

- ' - :imrmel AI _ _i e.. q. cT_

" _" " -- - "-'_" ' 1)'- cu."'_.,-_,g l- (Z- O)(l- _!) ..A2 ,1- (i.- e)(l- c - s
'- ?

These caleuiated-ef'_iciencies for "gray" bod_' cavity absorber's3

'.assumed the following: ,.

-,,, AI - aperture..4rea .. z_: .: .... :
• , ,, --

A2 - cavity area_ constant for all " "105 inches 2,-"
cases ' 21. 2 ,,

: _ - cavity" length to .aperture radius --,
r

ratlo¢-- . ,,,_ , : .
I

C - coI_centration _-atio F2r ':,

D - collector diameter 360 inches
., , .

-cavity emissivity = absorptivity 0.3j 0_.6, 0.7 "- ,," C.

11 - solar constant 442.7 BTU/hr-ft 2
S

.... - lit_ -intei;cepted percent of reflected
' energy, varies with ;- ,,:, -.....

" r -"cavil 'perfume radius ;m72;-i2inches (the mini- , "

, ,', mum computed by t:he optical

,.. " ,. program for a 60° col'%6_or)..,

' , TI - cav_.)' teml:erature 2ll0°R "(_ssumed cogstant)

O - form f_ctor. See Fig. A-3, Ref, i._varieswith AI/A2_ _, and
,_ cavity shape ' "

v

¢,, u

' /, d _ ;

0 "

" .4!50-M-6 .12 ": '_
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- _- . ,'

., 1 q /

' " ::"k ' '

, q ,- ,,/,. ,y ;

-",, '_ Tqle increase of 0 and A_,.and the ,-decr4ase in C with
c) ',, 7, q

increasing r decreases the overall mirror-cavity absorber efficiency "'_

_' ., app_ieciably_ _compared to a blackbody cavity absorber _ ,i'forgraY body ,_,
obsorbers. _',=

, ., _:' More 'sophisticated analyses now being generated by _"
', 4 , ,

" Dr. Slirenk_ consultant to_, Allison_ and A. Lowi of)Aerospaceconfirms
_ - ',7 ,; ,,

k

this t:ype of efficiency drop _fior gray ,body absorber's _. Even higher .

_. ef_-iciencY l_ssses co_ild be encounvered for. many mir,_or error and cavity
¢_ /i °"

temperature distributions. ,, / '

3".4.2 Therma:l _ppin_ _": ,, :;'i ,'

Transient £-emperatur& profiles h}ave, "now been calcuiate_
!

fo_ seven different collector polnts_o see Fig. 3//_Ito ,3-5: _ ".
Point 1 - central collector shall.' //, _-.

., J _O
':"2 - collector shell edge ,j_.'_7u ,.

3 torus -../_ _ .

• ' 4 -.collector "shell'edge = 90° _, ' '"

.. 5-_torus 2 S = 90° " ._

,--,_ ' -. 6_.- collector sliell edge -//,/_: =-180 ° '_ "
'_ _ 7 - torus _. _' = 180 ° a

,k ,• :_ -u .

" ' ,_ Figure 3-I explain'_ the" location terminology.- ,.These "

• - cases _,,usethe same equations and assumptiofis discussed in'_the November _., :

_ M_nthly 'Report, Cases-Ji-_a_n_23 described-thdrein'_have been redesignated .:.
//

as Point l'_36_inches (36-inch radiator, height) and Point_l - 60 i_ches _,, ,:

•(60_inch/_'fidiator height). Figure 3-2 shows the revisions. Cases 2 ,:

throu_. ,_Used"a" 60-inch rad_iator. " Point i had a thickness of 0.009 i_%clb _ .

points 2, 4,and 6 a 0.0128 inch tliicknes_q(this ,,variation depicts the .....

' tapered shell,) and points 3_ ,5 and 7 _a 0.095 inch" thickne_ss, representing
o

' : the mass of a 0.030 inch thick 4-inch diameter tortts_spr.eadover a flat " _,_

\

: 4-inci_ '_span. _ " _._ '_.,

" .,, These points•will t_ow be used ,,i:Odepict _ a_'therma_ 4na_p _ ,.
,, . q

" '""- '_ for spec,ific o_bit times O_,_positions. " _ _'" - "" ,,

o -', -'
o o _'

'; /,,_n M6 13 [

u , • •
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3.5 st:ruc
\ _" During'_and. since tl{e reporting period additional structural

%\ 'analyses have bedn made in the areas'of shockj vibration and tripod ,

,, strut studies, _ese and previous analyses are now being' sulmuarized " ,

" for the final _ep6rt. No additional data will be _summarizi,_d, herein.'_

3,6 Manufacturing and llal)dlingConsiderations , _, ;

This area will. be summarized ..in the final report,

r_

3.'7 D_e_ .,,

' '_ See Section 3.,2. /;" '_:
u _

,L r,

" :" 3.8 Master Gri_i_in_ and Polishinfa '

The 2-fbot diameter master Was resur'_aeed with epoxy, Regrind- ,'

,_ ing and. polishing indicated tile need for 'some patch repairs , which were

" ',easily made. Th9 generating blade matches tile paraboloidal convex _ o

'"master within 0.00l inch. A check of the curve of tileblade' prior to
,/,' , ,

"fi_ne polishing indicated .,thatthe parabo!oid, i-s accurate to _ 0".002 inch

from a true curve. This deviation was the maximum encountered over any,,
t_

6-inch s.pan a_'idrepresents an error of one minute, of arc. Since the
• ,. ,,,

inherent drfifting errors of _i[-[e layout used to clleck the 'paraboloid"are , ,, ,_

probably. 0.002 to 0.005 inch_ it can, reasonably be expected that ._tl}e _/,'

total error is probably less than _one minute of arc. " This is in the .. '<:,

accuracy r_ange of the WW ii 60-inch blade ground glass searchlights. ° "'

_e master is now ready for the first replication. ,_ :
,q

u

O
"z

,, o

<,' _ q
• a "h :, ,I

9

,+a.au,.m-o -- _, _.u. ,,
t'
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4. WORK T0 BE PERFORMED BEI_ORE 'ft_ FINAL RE t:SRT
r

_'" -,X.1 Surface, v _._s_._o'a_L'_- : " ':_ ' _

• Upon return of the r_flec'eanee samp,_.e.,,_nowbeing test_ed under

"' simulated ,micrometeorite damage at NASA/I,,_wis,_-_inai'reflectance measu:_e-

' ments will be perf_nied:, +The differex_ces between initial and final: ,d' , , .-i P

,, reflectance _raeasurements on l:he tested sampl#_ in ,relationsl_ip to the

: '_ ,, - differences on:control samples_,will be use,d':todetem_ine simulated

• : ,, micr0meteorite damage. -: .... ., ,, ,
,, . : <2"<, <:

', 4.2 Optical" Error Analxsis " ' '_'-+ ".... +
,i, _++_ " _ "" _ u

, tempe_\ature,,va.aes der'ived f'or se,ven
.;,, ..-,,, Us__o trans_en/ ,. '_i +-,_

selected colleotori_points s the optical, arid Seructural e_fects of the

+, colle_,tor thermal: variat,ions-w I,Ibe :.a,nalyzed.'20_000-mi._' 0 it' ,.

thermal ..... effects i_il 1 also be. estimated.., "' , ' .. ,,."+_'.:"_,• ,."+,_';_'q,,",_'_.., r_,,,, // '"

4.3 Structui'al AnalySis " ' ' "'" _ ....... _"'

' '-, The structural ana+[ysis sammary w_,_S'; '£'i.+4", :;,;....., :
)

' 4_4 Experimental Blade Grindi@__and Pc,]iahi_9_7.'L_._+"" "3%:', ;". ,, :; =' =+_.._+,_ .. -_.,++&_ ,-. , ;

'+ + The two 2-foot ¢lim+ete+_--electroformed sh+-_3 ,_._ /completedj - , , ;+, . • ..... , + .., _......._;_-.'.:+7_ .,->,. "_, , ,_ ., --: . __,,,kx , + , - ._v ..,,tT_-+++_-_` "%/ p--'xx
'and tested. "-'-: < ,,' + .., / :-i<_._.<,. +' ". ',r" ,, ,/ "

. +-' ,, + .... _ -,. _ ,. , + ;. -: .;_.,,. , ,.,

, _ • _,/ , • \-' / _ _ k\ - 7 II

" + 4.5 Design Recomanenda't_+o:a,s = \+, '<
i ',;:,'+:: ':' - ............... . :...... , ,,-+: : , .... "+ ;' "; ",' " " ,:3. ',-

,, _:'i- .- , ", t_
..... , "Fznal draw,;ngswill !;,.;i?;!_r,p]Jated .on the f'inal ':¢.o!iectord_sign_

"" re c onm_end at ions ," r ' '" """ _ -

" iT, " .,;".A'
11 k C'_ r, <7 : ' "_ " 1_'2 '4 k,' r

+,

.. ° " 7;77".'.+: '+.L,",, ,.
, _s _++ ,: +''?,'

: " !7 ;' +;
u

,,,:_-<'+!+ / :..) ,+,+ , " V), ,'_ ", ,_;"'+
I _

• u ,. ,2 . <, '

,, ,b +:, / z_'\,,(,, " '

504! -M-6 _" 20 ,,;..... ,
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